We adopt a personal approach here reviewing several calculations over the years in which we have experienced confrontations between cluster models and the shell model. In previous cluster conferences we have noted that cluster models go hand in hand with Skyrme Hartee-Fock calculations in describing states which cannot easily, if at all, be handled by the shell model. These are the highly deformed (many particle -many hole) intruder states, linear chain states e.t.c. In the present work we will consider several topics; the quadrupole moment of 6 Li, the non-existence of low lying intruders in 8 Be, and then jumping to the f 7/2 shell, we discuss the two-faceted nature of the nuclei -sometimes displaying shell model properties, other times cluster properties. 
For example in a modern shell model approach by Forest et. al. [4] gets about -8 mb for Q, a factor of 10 too large but of the correct sign. On the other hand in a dynamical microscopic three cluster description of 6 Li where the clusters are α, n, and p the result is Q = 2.56 mb. [1] In shell model calculations that we performed [5] we started with 2 valence particles in the 0p shell (0hω). Then we allowed up to 2hω and then up to 4hω excitations. In the 0hω space if you do not have a tensor interaction Q comes out positive. With a 'realistic' tensor interaction Q comes out negative but too negative Q=-3.5mb. However with a former student Zheng, who at Arizona also developed the no core approximation with Barrett et.
al. [6] , we showed that when higher shell admixtures were admitted Q became smaller in magnitude and closer to experiment as shown in the following table. [5] The results are shown in the following Note that the shell model calculations cannot get the magnetic moment low enough.
With up to 4hω admixtures we actually overshoot and get a quadrupole moment that is too small but still negative. Some cluster models appear to explain the low magnetic moment.
An excellent discussion of many shell model calcultion of Q and µ has been given by Karataglidis et. al [7] . The value of Q that they obtain with what they call the "Zheng"
interaction [8] in the up to 0,2,4 and 6hω spaces are -2.64,-2.08,-0.12, and 0.17 mb respectively. Thus they get Q to become positive at the 6hω level. But then they quote Zheng et.
al [8] as getting a value of -0.67mb in the same 6hω space. It is not clear why the two calculations give different answers. The changes in µ in ref [7] are more moderate 0.869,0.848, 0.845 and 0.840 nm in the up to 0,2,4 and 6hω spaces.
Looking at all the calculations by all groups (including our own), the situation is certainly confusing, and the problem deserves further attention. This is certainly a basic problem, the deuteron embedded in the nuclear medium. This problem has wider implications whether or not there is T=0 pairing can depend on how higher order configurations affect the tensor interaction in the valence space. Be.
But perhaps the simplest explanation as suggested to us by E. Vogt is given by the α particle model. In 12 C we can rearrange the α particles from a triangle to a linear chain. In Tables I,II) Model I: Use the spectrum of 42 Sc as input (particle-particle) Identify
For isospin T=0 J can be 1,3,5 and 7 while for T=1 J is even 0,2,4, and 6.
Model II: Use the spectrum of 54 Co as input (hole -hole). If there were no configuration mixing these two spectra would be identical. However, there are some differences eg the 7 + state is much lower in 54 Co than in 42 Sc.
Model III: Now we play games. We want to find out how important are the T=0 matrix elements for the structure of the nuclei. (e.g. Is T=0 pairing important?) Noticing that in 42 Sc the J=2,3 and 5 states are nearly degenerate in this model we set all the T=0 matrix elements to be the same and to all equal E(2 + ) = 1.5863 MeV.
In model III we then have of what the constant is, it might as well be zero. Of course the relative splitting of T=1 and T=0 states will be affected. Model III will be the standard from which we derive Model IV.
Model IV: Relative to the degenerate case above, we now move the J = 1 + state down in energy to 0.5863 MeV. Our motivation is based on numerous discussions about the importance of T=0 S=1 "pairing" in nuclei. We hope to simulate the T=0 pairing by this lowering. 
IV. DISCUSSION OF RESULTS
Let us first compare Model III (all T=0 matrix elements are degenerate) with Model I (spectra of 42 Sc). As already mentioned, making T=0 matrix elements degenerate is equivalent to making them zero as far as T=0 states are concerned.
The main difference is that the states with J=6,4,7, and 8 come down in energy as does J=9 + . Also the 12-10 gap is a bit greater than for the 42 Sc spectra case, reminiscent of the α particle model. The J=9 + state is below the 10 + and 12 + in the degenerate case.
Clearly it is the high energy side of the spectrum which is most sensitive to the change from experimental spectrum to the "T=0 degenerate" case.
Despite the changes, we can say that the T=1 two body matrix elements give the dominant structure of the spectrum whilst the T=0 matrix elements provide the fine tuning.
We now compare Model IV with Model III. The only difference is that we break the T=0 This is a topic we discussed in previous cluster meetings so we will be brief. [14] We just want to remind the reader that there are all sorts of many particle-many hole highly deformed states in 40 Ca. One cannot properly describe 40 Ca in a cluster model consisting of 36 Ar plus an alpha particle. At the very least one has to start with 32 S plus two alpha particles.
In a Skyrme Hartree-Fock calculations (SK III) we obtain a near degeneracy of the 4p- The other authors point out that we can get an excellent approximation to the ground states of n p = n n =2m nuclei (n p is the number of protons e.t.c.).
where (α † 0 ) creates a 4 nucleon cluster.
For 48 Cr this approximation give -32.04 MeV for the ground state energy where as the exact value is 32.70 MeV.
We on the other hand have emphasized the shell model aspects. [15] In the previously mentioned paper, we find an approximation for the excitation energies of single and double analog states in the f 7/2 region and in a an earlier paper "Fermionic Symmetries: Extension of the two to one relationship between spectra of even even and neighboring odd mass nuclei" [17] we noted two things.
A. There is often a two to one relation between spectra of even-even and even odd nuclei, and in some cases the single j shell model predicts this.
B. Excitation energies of analog state are approximately the same if the neutron excess (or equivalently the ground state isospin) is the same.
The above results can be parametrized by the following formulae SINGLE ANALOG EXCITATION (SA)
DOUBLE ANALOG EXCITATION (DA)
This formula will give a two to one ratio for E(DA)/E(SA) for ( In Table II we compare the theoretical single j shell calculations with the linear formula.
We take b = 2.32 MeV X=1.30. Note that in the SU(4) limit X=2.5. The fact that SU(3) gives the linear formula is not sufficient for it to be the correct theory. For a simple monopole-monopole interaction a+bt(1)t(2) X=1.
Some of the two to one ratio's hold rigoursly in the single j shell model. This holds for 3 particle and 4 particle systems or 3 holes and 4 holes. eg ( MeV. When configuration mixing is included, agreement with the deviation is explained.
This might be an example of a 4 particle clustering. For the hole system ( 53 Fe, 52 Fe) on the other hand 2 to 1 works much better.
The fact that there is in general a close relation between even-even and even-odd puts to question whether in those many cases there is any α particle clustering. 
VII. TWO VIEWS OF CROSS CONJUGATE RELATIONS
In the single j shell model, the spectra of cross conjugate nuclei should be identical. [18] (for j n states. a) Input is spectrum of 42 Sc(particle-particle) b) Input is spectrum of 54 Co(hole-hole)
c) The T=1 matrix elements are from the spectrum of 42 Sc. The T=0 matrix elements are degenerate at 1.5863 MeV.
d) Same as model 3 except that the J=1 + T=0 energy is lowered to 0.5863 MeV.
